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ABSTRACT
Introduction: Luseogliflozin, a sodium glucose
cotransporter 2 inhibitor, inhibits reabsorption
of glucose in the proximal renal tubule. It was
developed for the treatment of type 2 diabetes
mellitus.
Methods: For this first human study of
luseogliflozin, randomized, single-blind,
placebo-controlled, single ascending dose
(1–25 mg) and multiple ascending dose (5 or
10 mg/day, 7 days) trials were conducted in
healthy male Japanese subjects to investigate
safety, pharmacokinetics, and
pharmacodynamics.
Results: There were no serious adverse events,
adverse events leading to discontinuation, or
episodes of hypoglycemia. After administration
of a single oral dose of luseogliflozin, its
maximum plasma level (Cmax) and area under
the concentration–time curve increased in a
dose-dependent manner, and no food effects
were observed on pharmacokinetics. The mean
time taken to reach Cmax (Tmax) ranged from
0.667 to 2.25 h. The mean plasma half-life of
luseogliflozin (T1/2) after multiple dosing for
7 days ranged from 9.14 to 10.7 h, and no
detectable accumulation of luseogliflozin was
observed. Urinary glucose excretion increased
in a dose-dependent manner, ranging from 18.9
to 70.9 g (single-dose study).
Conclusion: Luseogliflozin was well tolerated
and showed favorable pharmacokinetic and
pharmacodynamic profiles in healthy male
Japanese subjects.
Trial registration: JapicCTI-132353 and JapicCTI-
132354.
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version of this article (doi:10.1007/s12325-014-0102-3)
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INTRODUCTION
The global prevalence of diabetes is increasing
rapidly, with 371 million patients with diabetes
recorded in 2012 and 552 million expected in
2030 [1]. The number of patients with diabetes
is also increasing in Japan, where the estimated
number of patients receiving medical treatment
for diabetes was approximately 2.37 million in
2008 [2]. Furthermore, the numbers of Japanese
individuals ‘‘strongly suspected of having
diabetes’’ and ‘‘in whom diabetes cannot be
ruled out’’ were estimated at approximately 8.9
and 13.2 million, respectively, in 2007 [3].
The major symptom of type 2 diabetes
mellitus (T2DM), which accounts for
approximately 90% of all cases, is chronic
hyperglycemia. This leads to microvascular
and macrovascular complications, including
myocardial infarction and death [4–6].
Previous large clinical trials have emphasized
the importance of intensive glycemic control,
showing that it could reduce these
complications [7–10]. Although various types
of oral antidiabetic agents are widely used,
including sulfonylurea, biguanide,
thiazolidine, dipeptidyl peptidase 4 inhibitors,
and a-glycosidase inhibitors, inadequate
glycemic control is often found in clinical
practice with monotherapy or combination
treatments [11–13]. Several other concerns
about these antidiabetic agents have also been
noted, such as hypoglycemia, weight gain, and
gastrointestinal disorders [14]. New classes of
antidiabetic agents are therefore needed, with
distinct mechanisms of action from those of the
currently available agents. Ideally, these new
compounds should help achieve effective
glycemic control and be well tolerated.
The kidneys contribute to maintenance of
normal plasma glucose levels by reabsorbing
approximately 180 g of glucose each day [15],
ensuring that less than 1% of filtered glucose is
excreted in urine. Most of the glucose is
reabsorbed in the proximal tubules via the
sodium glucose cotransporter (SGLT) [16].
SGLT1 and SGLT2 are subtypes of this
transporter, and SGLT2 reabsorbs 90% of
filtered glucose, while SGLT1 reabsorbs the
remaining 10% [17]. Because SGLT2 acts in an
insulin-independent manner, it represents an
attractive therapeutic target for T2DM [18].
Some SGLT2 inhibitors, including ipragliflozin,
dapagliflozin, and canagliflozin, show potent
and selective SGLT2 inhibition in vitro and
reduce plasma glucose and HbA1c levels in
diabetes animal models as well as in patients
with T2DM [19–21]. Dapagliflozin and
canagliflozin have already been approved by
the European Union and the United States Food
and Drug Administration, respectively [22, 23],
and are under review by the Ministry of Health,
Labour and Welfare, Japan, for the treatment of
T2DM.
Luseogliflozin is a novel SGLT2 inhibitor
that is currently under development for the
treatment of T2DM. It has been shown to
increase urinary glucose excretion (UGE) and
to decrease plasma glucose levels in various
animal models [24]. Luseogliflozin has been
shown to act as a potent and selective SGLT2
inhibitor, with a 50% inhibitory concentration
(IC50) of 2.26 nM, 1,765-fold lower than its IC50
for SGLT1 [24, 25]. This potency would enable
safer usage of lower amounts of luseogliflozin
than of other agents in the same class for the
treatment of diabetes. The present studies were
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conducted to investigate safety,
pharmacokinetics, and pharmacodynamics by
administering single and 7-day multiple doses
of luseogliflozin to healthy male Japanese
subjects. Here, we report the results of this
first-in-human study of luseogliflozin, a novel
antidiabetic compound.
METHODS
The present studies were conducted in
accordance with the standards of the Japanese
Pharmaceutical Affairs Law and Good Clinical
Practice. Each study protocol was approved by
the Institutional Review Board of the Kyushu
Clinical Pharmacology Research Clinic. All
procedures followed were in accordance with
the ethical standards of the responsible
committee on human experimentation
(institutional and national) and with the
Helsinki Declaration of 1975, as revised in
2000 and 2008. Informed consent was
obtained from all patients prior to their
participation in the studies.
Eligibility Criteria
Eligible subjects were healthy Japanese males
aged between 20 and 39 years with a body mass
index (BMI) between 18.5 and 24.9 kg/m2 and
who were considered healthy, based on the
results of a screening examination (medical
examination, vital signs, and ECG
examination) for determination of eligibility
performed between 28 and 3 days prior to the
day of administration. Subjects were excluded
from the studies if they had any clinically
significant disease or disorder, were considered
to have impaired glucose tolerance, had a serum
creatinine level above the upper limit of the
reference range in the study institution, tested
positive for urinary protein or occult blood
(1? or above), showed significant body weight
change (±3 kg) within 4 weeks of the first
administration of luseogliflozin or a placebo,
used any drugs within 1 week of the first
administration of luseogliflozin or a placebo,
or if they had drug or food allergies.
Design of the Single Ascending Dose Study
A randomized, single-blind, placebo-controlled,
single ascending dose (SAD) study of
luseogliflozin was conducted in 57 healthy
subjects. The subjects received a single dose of
1, 3, 5, 9, 15, or 25 mg of luseogliflozin or
placebo, and were randomly assigned to receive
either luseogliflozin or placebo in a ratio of 3:2
in the 1 mg group, 8:2 in the 3, 9, 15, and 25 mg
groups, and 8:4 in the 5 mg group.
Administration of luseogliflozin was initiated
with the lowest dose (Fig. 1a). The safety data
and pharmacokinetic data obtained at the lower
dose were evaluated before increasing the dose
to 3, 9, 15, or 25 mg.
Luseogliflozin (1, 3, 5, 9, 15, or 25 mg) was
administered orally with 200 mL of water after
fasting for at least 10 h. In addition, analysis of
the pharmacodynamic effects of 1, 3, and 9 mg
luseogliflozin (see below) indicated that a dose
of 5 mg would be appropriate for evaluation of
food effects. The subjects who received 5 mg
luseogliflozin or placebo under fasting
conditions were therefore administered a
second dose of 5 mg luseogliflozin or placebo
under preprandial conditions 8 days after the
first administration (Fig. 1a). On this occasion,
administration of 5 mg luseogliflozin was
followed by a standardized meal containing
approximately 630 kcal, made up of
approximately 16% protein, 21% fat, and 63%
carbohydrate. The subjects were discharged
after safety data were reviewed and evaluated
by the investigator on Day 3 (1, 3, 5, and 9 mg
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groups) or on Day 5 (15 and 25 mg groups), and
were required to have a follow-up examination
7 days after administration.
Blood and urine samples were collected for
pharmacokinetic and pharmacodynamic
analyses. Blood samples for pharmacokinetic
Fig. 1 Study design of the SAD study (a) and the MAD study (b). MAD multiple-ascending dose, SAD single-ascending
dose
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studies were collected before administration
and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24,
and 48 h after administration for all groups, and
at the additional time points of 72 and 96 h for
the 15 and 25 mg groups. Blood samples for
pharmacodynamic studies were collected before
administration and at 0.5, 1, 2, 4, 4.5, 5, 6, 8, 12,
12.5, 13, 14, 16, 24, and 48 h after
administration for all groups, and also at 96 h
for the 15 and 25 mg groups. Urine samples for
both pharmacokinetic and pharmacodynamic
analyses were collected for 24 h before
administration and for 0–2, 2–4, 4–6, 6–8,
8–10, 10–12, 12–14, 14–16, 16–24, and
24–48 h after administration for all groups,
and for the additional time periods of 48–72
and 72–96 h for the 15 and 25 mg groups.
Design of the Multiple Ascending Dose
Study
A randomized, single-blind, placebo-controlled,
7-day multiple ascending dose (MAD) study of
luseogliflozin was conducted in 24 healthy
subjects (Fig. 1b). Within each group, the
subjects were randomly assigned to receive
either luseogliflozin (N = 8) or placebo (N = 4).
The results of the present SAD study and other
SGLT2 inhibitor studies suggested that 5–10 mg
luseogliflozin/day would produce sufficient
UGE [26]. The subjects therefore received a
daily dose of 5 or 10 mg luseogliflozin or
placebo for 7 days orally with 200 mL of water
just before food intake (breakfast).
Administration of luseogliflozin was initiated
with 5 mg, only increasing to 10 mg after safety
data had been reviewed by the investigator and
5 mg had been evaluated to be tolerable and
safe. On the day of the first and last
administration, the subjects were fed the same
standardized meal used in the SAD study (see
above). The subjects were discharged after their
safety data, obtained throughout their
hospitalization, were reviewed by the
investigator.
For pharmacokinetic assessments, blood
samples were collected before the first
administration on Day 1, and at 0.25, 0.5, 1,
1.5, 2, 3, 4, 6, 8, and 12 h after the first
administration; before administration on Days
2–7; and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24,
48, 72, and 96 h after the last administration on
Day 7. Urine samples were collected every 24 h
from Day -1 to Day 11.
For pharmacodynamic assessments, blood
samples were collected before the first
administration on Day 1, and at 0.5, 1, 2, 4,
4.5, 5, 6, 8, 12, 12.5, 13, 14, and 16 h after the
first administration; before administration on
Days 2–7; and at 0.5, 1, 2, 4, 4.5, 5, 6, 8, 12, 12.5,
13, 14, 16, 24, 96 and 168 h (7 days) after the
last administration on Day 7. Urine samples
were collected for 24 h before the first
administration; for 0–2, 2–4, 4–6, 6–8, 8–10,
10–12, 12–14, 14–16, and 16–24 h after the first
administration; every 24 h from Days 2–6; for
0–2, 2–4, 4–6, 6–8, 8–10, 10–12, 12–14, 14–16,
and 16–24 h after the last administration on
Day 7; and every 24 h on Days 8–14.
Assessment of Safety
All adverse events (AEs) were recorded
throughout the study periods; furthermore, a
range of assessments including those for body
weight and vital signs, 12-lead
electrocardiography, and clinical laboratory
tests (hematology, biochemistry, urinalysis,
and stool analysis) were performed throughout
the study periods. Quantitative determination
of bacteria in urine was also carried out in the
MAD study as an exploratory investigation of
the effect of luseogliflozin on urinary bacteria.
AEs were defined as any new medical condition
Adv Ther (2014) 31:345–361 349
developing after administration of
luseogliflozin or placebo, or any worsening of
a pre-existing condition. AEs were coded using
the preferred terms from the Medical Dictionary
for Regulatory Activities, version 11.0 (SAD
study) or version 11.1 (MAD study).
Bioassay of Luseogliflozin
Blood samples (5 mL) were collected into tubes
containing sodium heparin and centrifuged
immediately after collection at the clinical
facility (4 C, 3,000 rpm, 15 min) to obtain
plasma samples for pharmacokinetics, which
were stored at -70 C until analysis. Urine
samples were pooled at 4 C, and then 4 mL
samples for pharmacokinetics were stored at
-70 C until analysis.
The concentrations of luseogliflozin in
plasma and urine were determined by
validated high-performance liquid
chromatography tandem mass spectrometry
(HPLC–MS/MS) assays performed by JCL
Bioassay Corp. (Nishiwaki, Japan).
Luseogliflozin and the internal standard
(luseogliflozin-d5; Taisho Pharmaceutical Co.
Ltd., Saitama, Japan) were extracted from
samples of plasma or urine by solid phase
extraction. HPLC was performed on an Inertsil
ODS-3 column (2.1 mm 9 50 mm, 5-lm particle
size) from GL Sciences (Tokyo, Japan) with
acetonitrile and 1 mmol/L ammonium acetate
solution as the mobile phase, under gradient
conditions. MS/MS was performed using an
API4000 from AB Sciex (Framingham, MA,
USA) in a multiple reaction monitoring mode
with a turbo ion spray source under negative
ionization conditions, monitoring the
transition of the m/z 433 precursor ion to the
m/z 104 product ion for luseogliflozin, and the
m/z 438 precursor ion to the m/z 104 product
ion for the internal standard. A linear
calibration curve using peak area was obtained
by weighting 1/x2. The lower limit of
quantification (LLOQ) for luseogliflozin in
human plasma was 0.05 ng/mL, with linearity
to 100 ng/mL using a sample volume of 150 lL.
The LLOQ was 0.5 ng/mL in human urine, with
linearity to 1,000 ng/mL using a sample volume
of 50 lL.
Measurement of Glucose
Blood samples (2 mL) were centrifuged
immediately after collection at the clinic (4 C,
3,000 rpm, 10 min) to obtain plasma, which
was stored at 4 C until glucose analysis. Urine
samples (0.5 mL) were obtained from total urine
pooled during each collection period and also
stored at 4 C. Plasma and urinary glucose
concentrations were measured using an
automatic analyzer TBA-120FR (Toshiba
Medical Systems Corp., Otawara, Japan) and
Glucoroder-NX (A&T Corp., Yokohama, Japan),
respectively. These assays were performed by




The plasma concentrations of luseogliflozin
were used to calculate the maximum
concentration (Cmax), time to maximum
concentration (Tmax), area under the
concentration–time curve (AUC), elimination
rate constant (kz), elimination half-life (T1/2),
apparent clearance (CL/F), and apparent
volume of distribution (Vd/F), by using
noncompartmental analysis. In the SAD study,
the AUC from 0 to the last quantifiable data
point (AUClast) was calculated by the
trapezoidal rule, based on plasma
concentrations of luseogliflozin. The AUC
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from 0 to infinity (AUCinf) was calculated by
extrapolating the plasma luseogliflozin
concentration at the last point of
measurement to infinity. In the MAD study,
the AUCinf on Day 1 and the AUC during 0–24 h
after administration (AUCs) on Day 7 were
calculated.
The urinary concentrations of luseogliflozin
and the urine volumes were used to calculate
urinary luseogliflozin excretion over each
collection period, urinary luseogliflozin
excretion rate (as a percentage of total dose),
and the daily urinary luseogliflozin excretion
rate (as a percentage of daily dose). Total UGE
(g) was calculated for each collection period, as
well as UGE/h over the period and the 24-h
cumulative UGE on Days 1 and 7.
Statistical Methods
All statistical analyses were performed using SAS
software (version 9.1.3; SAS Institute Inc., Cary,
NC, USA). All subjects who received
luseogliflozin or placebo were included in the
safety and the pharmacodynamic analysis sets.
In the SAD and MAD studies, the statistical
significance of the relationships between
luseogliflozin dose and plasma or urine
glucose levels were analyzed using analysis of
covariance with baseline plasma or urine
glucose levels as the covariate. All subjects
who received luseogliflozin were included in
the pharmacokinetic analysis set. The
pharmacokinetic dose proportionality was
evaluated by a power model using Cmax,
AUClast, and AUCinf in the SAD study
(administration under fasting conditions
only). Estimated regression coefficients for log-
transformed doses and their 95% confidence
intervals were calculated. The effects of food
were evaluated by the geometric mean ratio
(administration under preprandial/fasting
conditions) of Cmax, AUClast, and AUCinf for
5 mg luseogliflozin, and the 90% confidence
interval, calculated using a mixed effect model.
The accumulation potential in the MAD study
was evaluated by comparing AUCinf on Day 1
with AUCs on Day 7.
RESULTS
Participants and Baseline Demographics
In the SAD study, 43 and 14 subjects received
luseogliflozin and placebo, respectively. In the
MAD study, 16 and 8 subjects received
luseogliflozin and placebo, respectively. The
baseline demographics were comparable
between the groups. In the SAD study, the
mean age of the subjects ranged from 23.0 to
28.0 years, mean body weight ranged from 57.5
to 65.0 kg, and mean BMI ranged from 20.0 to
22.4 kg/m2. The corresponding ranges in the
MAD study were 28.1–29.6 years, 62.3–62.6 kg,
and 20.5–21.2 kg/m2. All subjects completed
the studies and were included in the
populations analyzed.
Safety
In both studies, no serious AEs or AEs leading to
discontinuation were observed, and there were
no cases of hypoglycemia. In the SAD study, AEs
were reported in 8 subjects (7 taking
luseogliflozin and 1 placebo). These were
‘‘occult blood positive’’ in 6 subjects who
received luseogliflozin doses of 3 (2 subjects),
9, 15, and 25 mg, and placebo; ‘‘beta 2
microglobulin urine increased’’ in 1 subject
who received 9 mg luseogliflozin; ‘‘diarrhoea’’
in 1 subject who received 25 mg luseogliflozin;
and ‘‘urethritis’’ in 1 subject who received 25 mg
luseogliflozin. One subject who received 25 mg
luseogliflozin presented with both ‘‘occult
Adv Ther (2014) 31:345–361 351
blood positive’’ and ‘‘diarrhoea’’. All AEs were
mild, reversible, and did not appear to be dose-
related. There were no clinically significant
changes in renal function test values (blood
and urine creatinine, blood urea nitrogen,
blood and urine uric acid, blood cystatin C,
urine b-N-acetyl-D-glucosaminidase, urine beta
2 microglobulin, and urinary type IV collagen)
or blood and urine electrolytes (sodium,
potassium, chlorine, calcium, and
phosphorus). No clinically significant changes
were observed in body weight, vital signs, or
electrocardiography.
In the MAD study, AEs were reported in 3
subjects (2 taking luseogliflozin and 1 placebo).
These were ‘‘beta 2 microglobulin urine
increased’’ in 1 subject who received placebo;
‘‘diarrhoea’’ in 1 subject who received 10 mg
luseogliflozin; and ‘‘occult blood positive’’ in 1
subject who received 10 mg luseogliflozin. All
AEs were mild and reversible. Similar to the SAD
study, there were no clinically significant
changes in renal function test values, blood
and urine electrolytes, body weight, vital signs,
or electrocardiography. Quantitation of bacteria
in urine showed that the bacteria detected after
drug administration were indigenous.
Escherichia coli and Klebsiella oxytoca, which
could cause urinary tract infection, were
present at less than 103 colony forming units/
mL.
Pharmacokinetics
In the SAD study, the mean plasma
luseogliflozin concentrations from 0 to 48 h
after a single administration of 1–9 mg and
from 0 to 96 h after a single administration of
15 and 25 mg under fasting conditions are
shown in Fig. 2a and Table 1. Luseogliflozin
was absorbed rapidly, with a mean Tmax
between 0.667 and 2.25 h, and the mean T1/2
ranging from 9.23 to 13.8 h. The mean plasma
concentration of luseogliflozin had decreased to
2–3% of Cmax or lower by 48 h after
administration. Luseogliflozin exposure (Cmax
and AUC) increased in a dose-dependent
manner. The estimated regression coefficients
and 95% confidence intervals for Cmax, AUClast,
and AUCinf determined by the power model
were 0.909 (0.845–0.974), 1.02 (0.961–1.07),
and 1.00 (0.947–1.06), respectively. Although
the 95% confidence interval for Cmax did not
include 1, the 95% confidence intervals for
AUClast and AUCinf included 1. Therefore, over
the dose range of 1–25 mg, dose proportionality
was observed.
Luseogliflozin 5 mg was administered to the
same subjects under fasting conditions and
preprandially to examine the effects of food
on plasma pharmacokinetics. The ratios of least
squares means (preprandial/fasting conditions)
for Cmax, AUClast, and AUCinf were 105–107%.
Although the upper limit of the 90% confidence
interval for the ratio of Cmax was just over the
criterion for bioequivalence boundary
determination of 80–125%, the 90%
confidence intervals for the ratio of the
AUClast and AUCinf were within the criterion
[27]. Tmax and T1/2 were generally comparable
under preprandial and fasting conditions,
indicating that food had little effect on
luseogliflozin pharmacokinetics.
The mean urinary luseogliflozin excretion
rates after a single administration under fasting
conditions corresponded to 3.36–4.40% of each
dose (data not shown). There were almost no
effects of dose on urinary excretion rate.
For the MAD study, mean plasma
luseogliflozin concentrations and
pharmacokinetic parameters at 5 and 10 mg
are shown in Fig. 2b and Table 1, respectively.
The plasma luseogliflozin concentration–time
profiles were similar on Days 1 and 7 at doses of
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both 5 and 10 mg. The mean T1/2 after 7-day
repeat administration ranged from 9.14 to
10.7 h, and the data were similar to those
obtained on Day 1. The trough concentrations
(value just before each administration) of
luseogliflozin reached a steady state by Day 7.
The AUCinf on Day 1 and AUCs on Day 7 of
plasma luseogliflozin were comparable. No
accumulation potential was therefore found
after multiple administrations of luseogliflozin
for 7 days.
Mean daily urinary luseogliflozin excretion
rates, as a percentage of daily dose, on Days 1–7
were 3.74–4.69% for the 5 mg dose and
3.58–4.23% for the 10 mg dose. The mean
urinary luseogliflozin excretion rates from
Days 1–11 (96 h after the last administration)
were 4.58% and 4.12% for 5 and 10 mg,
respectively.
Pharmacodynamics
In the SAD study, the mean cumulative UGE for
48 h (1, 3, 5, and 9 mg groups) and 96 h (15 and
25 mg groups) after administration of
luseogliflozin are shown in Fig. 3a. The mean
UGE for 24 h after administration was 18.9,
36.8, 50.2, 54.3, 60.7, and 70.9 g with 1, 3, 5, 9,
15, and 25 mg luseogliflozin, respectively, and
0.182 g for placebo. These data demonstrated a
luseogliflozin-induced dose-dependent increase
in UGE, which was most apparent up to 5 mg,
with a 2.7-fold increase between 1 and 5 mg,
compared to a 1.4-fold increase from 5 to
25 mg. The mean UGE from 24 to 48 h after
administration was 2.53, 12.5, 21.3, 37.5, 48.4,
and 62.7 g with 1, 3, 5, 9, 15, and 25 mg
luseogliflozin, respectively, and 0.110 g for
placebo. Increased UGE was therefore observed
for at least 48 h after luseogliflozin
administration at all doses tested.
For the MAD study, the mean daily UGE is
shown in Fig. 3b. Significant elevations in UGE
were observed on all luseogliflozin
administration days (1–7), and the mean daily
UGE ranged 57.2–65.5 and 62.7–76.9 g with 5
and 10 mg luseogliflozin, respectively, and
0.0327–0.133 g for placebo. The mean daily
UGE on Day 7 was comparable with the 5 and
10 mg doses (58.0 and 62.7 g). Although UGE
decreased after the last administration, a
statistically significant increase (P\0.05) was
sustained up to Day 10 (3 days after the last
administration) at both 5 and 10 mg doses,
compared with placebo.
UGE rate-time profiles were also analyzed,
and Fig. 4a presents these data from the SAD
Fig. 2 Plasma luseogliﬂozin concentration–time proﬁle in
the SAD study (a) and in the MAD study (b). Mean ± SD
luseogliﬂozin concentrations are indicated for each study
group and time. h hours, MAD multiple-ascending dose,
SAD single-ascending dose
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Table 1 Mean ± SD pharmacokinetic parameters and the ratio of
mean pharmacokinetic parameters (preprandial/fasting) in subjects
who received 5 mg luseogliﬂozin in the SAD study, and mean ± SD
pharmacokinetic parameters in the MAD study
SAD study
Condition: Fasting
Dose: 1 mg (N 5 3) 3 mg (N 5 8) 5 mg (N 5 8) 9 mg (N 5 8)
Cmax (ng/mL) 38.2 ± 4.86 116 ± 24.6 187 ± 27.3 312 ± 45.2
Tmax (h) 0.667 ± 0.289 0.750 ± 0.267 1.06 ± 0.496 1.25 ± 0.598
AUClast (ng•h/mL)a 323 ± 47.9 973 ± 243 1,770 ± 290 2,960 ± 315
AUCinf (ng•h/mL) 337 ± 51.9 1,000 ± 260 1,830 ± 322 3,050 ± 326
kz (1/h) 0.0666 ± 0.00350 0.0758 ± 0.00749 0.0722 ± 0.00858 0.0705 ± 0.00502
T1/2 (h) 10.4 ± 0.552 9.23 ± 0.950 9.72 ± 1.17 9.87 ± 0.720
CL/F (L/h) 3.02 ± 0.489 3.16 ± 0.744 2.80 ± 0.465 2.98 ± 0.326
Vd/F (L) 45.3 ± 6.88 41.4 ± 7.17 38.7 ± 4.11 42.4 ± 5.40
Condition: Fasting Preprandial Preprandial/fastingb
Dose: 15 mg (N 5 8) 25 mg (N 5 8) 5 mg (N 5 8) 5 mg (N 5 8)
Cmax (ng/mL) 544 ± 143 721 ± 123 205 ± 53.5 107 (89.9–127)
Tmax (h) 1.56 ± 1.02 2.25 ± 1.46 0.750 ± 0.535 –
AUClast (ng•h/mL)a 5,120 ± 836 8,480 ± 1,180 1,860 ± 267 105 (101–109)
AUCinf (ng•h/mL) 5,140 ± 834 8,510 ± 1,180 1,930 ± 290 105 (101–110)
kz (1/h) 0.0564 ± 0.0173 0.0562 ± 0.00904 0.0682 ± 0.00726 –
T1/2 (h) 13.8 ± 5.76 12.6 ± 2.13 10.3 ± 1.02 –
CL/F (L/h) 2.99 ± 0.483 2.99 ± 0.436 2.64 ± 0.362 –
Vd/F(L) 60.5 ± 31.0 54.7 ± 13.7 38.9 ± 4.97 –
MAD study
Dose: 5 mg (N 5 8) 10 mg (N 5 8)
Day: Day 1 Day 7 Day 1 Day 7
Cmax (ng/mL) 214 ± 52.0 248 ± 45.1 409 ± 84.3 475 ± 111
Tmax (h) 0.625 ± 0.354 0.625 ± 0.231 0.500 ± 0.00 0.563 ± 0.177
AUC (ng•h/mL)c 1,930 ± 435 1,980 ± 382 3,430 ± 814 3,470 ± 778
kz (1/h) 0.0676 ± 0.0118 0.0668 ± 0.0119 0.0762 ± 0.00677 0.0768 ± 0.00897
T1/2 (h) 10.5 ± 2.02 10.7 ± 2.40 9.15 ± 0.746 9.14 ± 1.11
CL/F (L/h) 2.72 ± 0.648 2.61 ± 0.537 3.05 ± 0.628 3.00 ± 0.612
Vd/F (L) 40.3 ± 6.67 39.3 ± 5.12 40.1 ± 8.36 38.8 ± 5.70
AUC area under the concentration–time curve, AUCinf AUC from 0 to inﬁnity, AUClast AUC from 0 to the last quantiﬁable data point, AUCs AUC
during 0–24 h after administration, CL/F apparent clearance, Cmax maximum concentration, kz elimination rate constant, MAD multiple ascending dose,
SAD single ascending dose, T1/2 elimination half-life, Tmax time to maximum concentration, Vd/F apparent volume of distribution
a 1–9 mg; 0–48 h, 15–25 mg; 0–96 h
b Estimated value (90% CI)
c Day1: AUCinf; Day7: AUCs
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study. The UGE rates increased over 24 h after
luseogliflozin administration, compared with
placebo. In addition, a greater increase in UGE
rate was observed after food intake (at 4 and
12 h after administration). Figure 4b, c show the
mean UGE rate-time profiles on Days 1 and 7,
respectively, of the MAD study. At both doses (5
and 10 mg), the UGE rates on Day 7 were
comparable to those on Day 1.
The mean plasma glucose concentrations in
the SAD and MAD studies are shown in Fig. 5a,
b, respectively. Although plasma glucose levels
decreased slightly at some time points with
luseogliflozin administration compared with
placebo, luseogliflozin did not produce
clinically significant decreases in fasting
plasma glucose levels.
Fig. 3 Cumulative UGE in the SAD study (a) and daily
UGE in the MAD study (b). Mean ± SD UGE are
indicated for each study group and time. *Number of
subjects is 4 at both 72 h and 96 h after the treatment.
P\0.05 versus placebo, ANCOVA with baseline as the
covariate was applied in the MAD study. ANCOVA
analysis of covariance, h hours, MAD multiple-ascending
dose, SAD single-ascending dose, UGE urinary glucose
excretion
Fig. 4 UGE rate-time proﬁle in the SAD study (a) and on
Days 1 (b) and 7 (c) of the MAD study. Mean ± SD UGE
rates are indicated for each study group and time. h hours,
MAD multiple-ascending dose, SAD single-ascending dose,
UGE urinary glucose excretion
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DISCUSSION
The results of the SAD study (1–25 mg) and the
7-day MAD study (5 or 10 mg) demonstrated
the tolerability and safety of luseogliflozin in
healthy male Japanese subjects. All AEs were
mild and no hypoglycemia was observed.
Multiple doses of luseogliflozin for 7 days did
not increase the frequency or severity of AEs.
Since SGLT2, especially located at renal
proximal tubules, is the target of SGLT2
inhibitors [16, 17], renal tubule function was
one of our major concerns. However, in these
studies, there were no abnormal changes in
markers of renal tubule function. An AE related
to renal function, increased urinary beta 2
microglobulin, was observed in one subject
who received 9 mg luseogliflozin in the SAD
study, while no renal AEs were observed in the
MAD study. Since this AE was only observed
once, was mild in severity, and reversible
without treatment, its clinical effect was
considered minor. Furthermore, no clinically
significant changes were observed in the other
renal function test values (blood and urine
creatinine, blood urea nitrogen, blood and
urinary uric acid, blood cystatin C, urinary b-
N-acetyl-D-glucosaminidase, and urinary type IV
collagen) and no clinically significant changes
were observed in blood or urinary electrolytes
(sodium, potassium, chlorine, calcium, and
phosphorus) in these two studies.
Because SGLT2 inhibitors cause glucosuria,
they could potentially increase the risk for
urinary tract or genital infections [28, 29]. An
AE related to such infections, urethritis, was
observed in one subject who received 25 mg
luseogliflozin in the SAD study, while none
were observed in the MAD study. This AE was
mild and the subject recovered with
medication. In addition, quantitative
assessment of bacteria in urine did not
produce findings suggestive of an increased
risk of urinary tract infection in the MAD
study. However, an elevated risk of infection
cannot be ruled out as clinical studies of
another SGLT2 inhibitor, dapagliflozin, in
patients with T2DM showed a higher
frequency of urinary tract and genital
infections [21, 30–34]. These may not have
been observed in the present study owing to a
low incidence of these AEs with luseogliflozin
use, combined with the small sample size and
short administration period employed.
Reducing postprandial glucose excursion is
difficult in patients with T2DM. Our results
Fig. 5 Plasma glucose concentration–time proﬁle in the
SAD study (a) and on Day 7 of the MAD study (b).
Mean ± SD Plasma glucose concentrations are indicated
for each study group and time. h hours, MAD multiple-
ascending dose, SAD single-ascending dose
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indicated that luseogliflozin may help solve this
problem. Standard deviations of Cmax were
small at all tested doses, indicating that
luseogliflozin may exhibit consistent efficacy,
and Tmax was short, regardless of dose. These
pharmacokinetic profiles indicated that
luseogliflozin administration would be
expected to provide consistent plasma levels
and therefore improve postprandial glucose
excursion consistently.
Our pharmacokinetic analyses also indicated
that the Cmax, AUClast, and AUCinf were dose-
proportional and not affected by food intake.
The mean T1/2 of luseogliflozin after a single
administration (9.23–13.8 h) was not dose-
dependent at doses of 9 mg or less, and was
slightly longer at doses of 15 mg and 25 mg.
These results may also contribute to a stable
treatment effect and improved glycemic control
in patients with diabetes.
Drug metabolism and elimination were not
altered by multiple dosing. In the MAD study,
examination of luseogliflozin plasma trough
concentrations, AUC data on Days 1 and 7,
and mean daily urinary luseogliflozin excretion
rates indicated that no abnormal accumulation
of this drug occurred.
As expected, a substantial amount of UGE
was observed after luseogliflozin administration
in healthy subjects. The mean UGE for 24 h in
the SAD study increased in a dose-dependent
manner, reaching a maximum of approximately
70 g. The mean daily UGE after the last
administration of luseogliflozin in the MAD
study was about 60 g for both 5 and 10 mg
doses. The incremental change in UGE was
smaller at higher doses of luseogliflozin than at
lower doses. The maximum amount of daily
UGE after luseogliflozin administration was
comparable to that after administration of
other SGLT2 inhibitors (dapagliflozin,
canagliflozin, empagliflozin, and ipragliflozin)
in healthy subjects, which was approximately
70 g/day after single dose and approximately
50–55 g/day after multiple dose [26, 35–38].
Further, the doses of luseogliflozin used in these
studies (up to 25 mg for SAD study and 10 mg
for MAD study) were lower than those used in
previous tests of SGLT2 inhibitors (50–800 mg
at the maximum dose in each study).
Luseogliflozin thus possibly had the advantage
of producing similar UGE in the presence of
lower amounts of compound. However, it is still
unclear why luseogliflozin works at lower doses
compared to other compounds. A possibility
could be that the pharmacokinetic distribution
profile of luseogliflozin contributes to its high
potency, as observed in an animal study of
luseogliflozin that showed higher
concentration in the kidney than in the
plasma [25].
Luseogliflozin was expected to suppress
postprandial plasma glucose levels by
increasing UGE. At most postprandial time
points, UGE rate was increased and plasma
glucose levels were slightly decreased in
subjects who received luseogliflozin, compared
to placebo; similar results were observed in the
canagliflozin study [36]. Elevated postprandial
glucose increased the amount of glucose filtered
through the kidneys, resulting in an increase in
UGE with less reabsorption in the renal tubules
in the subjects treated with luseogliflozin.
Therefore, luseogliflozin may be optimal in
reducing postprandial glucose levels in
patients who have normal renal function.
The present study indicated that
luseogliflozin did not reduce plasma glucose
levels significantly in healthy subjects. Fasting
plasma glucose levels were comparable in
subjects treated with luseogliflozin and
placebo. This was consistent with the results of
other SGLT2 inhibitors [35–38]. Normal
homeostatic regulation probably maintained
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stable plasma glucose levels, compensating for
the increased UGE by increasing
gluconeogenesis. It has been shown previously
that glycerol generated by fat decomposition is
used preferentially in gluconeogenesis [39]. This
may possibly be an explanation for SGLT2
inhibitor-mediated reduction in body fat
levels, as well as an indication that SGLT2
inhibitor use may cause fewer hypoglycemic
events.
In addition, a once-daily luseogliflozin dose
regimen may provide sufficient UGE. In the
SAD study, UGE rates after each food intake
were comparable. Furthermore, elevated UGE
was also observed the day after administration
of luseogliflozin. In the MAD study, the daily
UGE during the administration period was
stable, and the increased UGE compared to
that observed with placebo (P\0.05) were
sustained for up to 3 days after the last
administration. Thus, patient compliance may
improve if sufficient efficacy can be obtained
using a once-daily dose regimen.
The above-mentioned findings suggest that a
once-daily luseogliflozin dose regimen may
have the potential to reduce plasma glucose
levels in patients with T2DM, including mild
forms of T2DM and impaired glucose tolerance,
without increasing their risk for hypoglycemia.
However, since this study was conducted in
healthy Japanese males, the pharmacokinetic
and pharmacodynamic profile of luseogliflozin
in patients with T2DM remains unclear. Further
clinical studies in patients with T2DM may
provide further insight into the potential of
luseogliflozin for the treatment of T2DM.
CONCLUSION
Luseogliflozin showed good tolerability and
safety in a single-dose (1–25 mg) and 7-day
multiple-dose (5 and 10 mg) study in healthy
male Japanese subjects. Luseogliflozin also
showed favorable pharmacokinetic and
pharmacodynamic profiles, supporting the
feasibility of a once-daily administration
regimen. Clinical studies to investigate the
safety and efficacy of luseogliflozin in patients
with T2DM have recently been completed, and
the results may provide further insight into the
clinical utility of luseogliflozin.
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